Optimal photosensitizers for photodynamic therapy : the preparation and characterization of novel photosensitizers derived from mesoporphyrin by Haas, H.H.S. van der
Optimal Photosensitizers for 
Photodynamic Therapy 
 
The Preparation and Characterization of  
Novel photosensitizers derived from 
Mesoporphyrin 
 
 
Proefschrift 
 
Ter verkrijging van de graad van Doctor aan de Universiteit Leiden,  
op gezag van de Rector Magnificus Dr. D. D. Breimer,  
hoogleraar in de faculteit der Wiskunde en Natuurwetenschappen en die der 
Geneeskunde, volgens besluit van het College voor Promoties  
te verdedigen op woensdag 14 juni 
klokke 14.15 uur.  
 
 
door 
Hendricus Nicolaas Sebastiaan van der Haas 
 
Geboren op 8 april 1972  
in Voorburg 
II 
Promotor:   Prof. Dr. J. Lugtenburg 
 
Co-promotor: Dr. J. J. Schuitmaker 
 
Referent:  Prof. Dr. J. Cornelisse 
 
Overige Leden: Prof. Dr. J. Brouwer 
   Dr. P. Gast 
   Prof. Dr. J. Reek 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The work described in this thesis was financially supported by 
Technologiestichting STW as the project with number LGN4890. 
III 
Contents 
 
Chapter 1 General introduction…………………………………………….…...…….……1 
 § 1.1 Biological role of iron porphyrins………………………………….…….………....2 
 § 1.2 Biological role of magnesium porphyrin derivatives……………….…….………...4 
 § 1.3 Photodynamic therapy………………………………………………….……...……5 
 § 1.4 Nomenclature of porphyrins………………………………….……….……….……7 
 § 1.5 Outline of the thesis………………………………………………….….…….…….8 
 § 1.6 References…………...…………………………………………….…….…….…….9 
Chapter 2 The Synthesis of the Dimethylester of Quino[4,4a,5,6-efg]-7-demethyl-8-
deethylmesoporphyrin and Three of its Isomers with Unprecedented Peri-
Condensed Quinoline Porphyrin Structures. Molecules with outstanding 
properties as sensitizer for a photodynamic therapy in the near infrared and 
far red region of the visible spectrum...................................................................11 
 § 2.1 Introduction……………………………………………………………..………….12 
 § 2.2 Synthesis…………………………………………………………………..……….15 
 § 2.3 Structural analysis………………………………………………………..……...…17 
 § 2.4 Plausible steps in the formation of the peri-condensed quinoline porphyrin 
system…………………………………………………………………………..………..23 
 § 2.5 Photochemical singlet oxygen formation………………………….……….……...25 
 § 2.6 Biological effects of 6a………………………………………….……..…………..26 
 § 2.7 Conclusions……………………………………………………….……..…………26 
 § 2.8 Experimental section…………………………………………….…….….………..27 
 § 2.9 Acknowledgements…………………………………………………..…….………40 
 § 2.10 References………..………………………………………………..……….……..41 
Chapter 3 The Synthesis of the Dimethylester of 2'-Cyano-8'-formyl-N'-methyl-
1',1a',5a',6'-tetrahydroacrido-[4,5,5a,6-bcd]-annulated 2,3-Dihydromeso-
porphyrin. A Novel System with Outstanding Properties as Basis for 
Photodynamic Therapy in the Far-Red Region of the Visible Spectrum..........43 
 § 3.1 Introduction………………………………………………………………...……....44 
IV 
 § 3.2 Synthesis…………………………………………………………………...………44 
 § 3.3.NMR spectroscopy…………………………………………………..………….…47 
 § 3.4 Reaction Mechanism………………………………………………………...……..52 
 § 3.5 Exploration of the reactivity of [5-(2’-cyanovinyl)mesoporphyrin dimethylester]  
nickel complex (1) with other electrophiles……….…………………………....……….54 
 § 3.6 Photochemical singlet oxygen formation……………………………..…..……….58 
 § 3.7 Biological effect of 5………………………………………………..………..……59 
 § 3.8 Conclusions………………………………………………………….………..…...59 
 § 3.9 Experimental section……………………………………………….…………..….60 
 § 3.10 Acknowledgements……………………………………………….……………...66 
 § 3.11 References……………………………………………………….……….………67 
 
Chapter 4 NMR-studies of bis 2,2-Alkoxy-N-ethylamides of Meso-, Proto- and 
Deuteroporphyrin derivatives……………………………….….……….…….69 
 § 4.1 Introduction………………………………………………………..….……………70 
 § 4.2 1H NMR spectroscopy……………………………………………..………….…...71 
 § 4.3 Conclusion………………………………………………………….……..……….78 
 § 4.4 Experimental section……………………………………………….….….….…….79 
 § 4.5 References………………………………………………………..………….….….92 
 
Chapter 5 General Discussion and Prospects…………………………….….….….……..93 
 § 5.1 General discussion…………………………………………………..….…….……94 
 § 5.2 Biological properties of the new photosensitizers………………..…….…….……98 
 § 5.3 References……………………………………………………….….….……...…...99 
 
Samenvatting…………………………………………………………………….…………….101 
 
Summary……………………………………………………………………..…….……….….107 
 
Curriculum Vitae……………………………………………………………..…….…………111 
 
List of Publications…………………………………………..………………………………..112 
 
Nawoord……………………………………………………………..…………………………115 
